In this paper, we analyze the measurements of the normalized radar cross-section(NRCS)
25
In addition, the relationship between cross-pol NRCS and wind vectors is discussed. The cross-pol
26
NRCS increases linearly with wind speed and it has an approximate cosine modulation with the 27 wind direction when the wind speed is greater than 8m/s. The cross-polarized system noise floor is 28 low enough to ignore it in wind retrieval. Furthermore, we also investigate the properties of the 29 polarization ratio, denoted PR, and show that it is dependent on incidence angle and azimuth angle.
30
Two empirical models of the PR are fitted, one as a function of incidence angle only, the other with 
33
is also shown that considering the azimuth angle can improve polarization conversion accuracy.
Introduction

38
With the continuous depletion of global petroleum energy, the development and utilization of 
51
of centimeter scale [8] [9] [10] . This scale roughness is predominantly influenced by local wind and 52 therefore ocean wind information may be extracted from SAR images [11] . In recent decades, several 53 empirical geophysical model functions (GMFs), such as CMOD4 [12] , CMOD_IFR2 [13] , CMOD5 [14] ,
54
CMOD5.N [15] have been proposed to perform ocean surface wind fields retrieval. These GMFs relate 55 the NRCS to the incidence angle, wind speed at a height of 10m above sea level, and azimuth angle
56
(radar look angle with respect to wind direction). Not only scatterometer, such as QuickSCAT [16, 17] 
62
In traditional research, it is generally believed that the PR is only relevant to incidence angle [24] .
63
Recent studies in [27, 28] show that the PR is also dependent on speed and azimuth except incidence
64
angle. These results reveal that different satellites have their own optimal PR and GMF. Thus, the
65
choice of suitable hybrid models before retrieving wind fields is critical for Gaofen-3 satellite [29] .
66
Recent several decades, wind speed retrieval from cross polarized (cross-pol) NRCS has become 67 a research focus due to the saturation of co-pol data at high wind speed. 
86
The Gaofen-3 (GF-3) satellite which was launched on 10 August by the China Academy of Space
87
Technology (CAST) is the first C-band multi-polarization SAR with a highest resolution of 1m in 
124
Where 0 is the NRCS in dB, Qualify is the QualifyValue in product description xml of GF-3, and
125
K_const is the calibration constant.
126
Several studies indicate that wind speed can only be retrieved from pure ocean SAR images 127 which are free of sea features not due to the local wind, e. 
135
where ̅ is the mean intensity of GF-3 Wave Mode image in VV-polarization. In addition, the 136 saturated co-polarization NRCS can also affect the experimental results. Hence, we only use the SAR
137
images with 0% saturation coefficient.
138
After the above two preprocessing processes, a total of 3926 GF-3 Wave Mode images are
139
selected from 5336 images. The result shows that the small incidence angle (in-angle < 36°) co-pol 140 data is almost saturated for the 10 months in 2017, according to product description xml. Therefore, 
161
(lat/lon), and the temporal resolution is 6h (00:00, 06:00, 12:00, 18:00).
162
The Amazon rainforest has excellent temporal and spatial stability as a radar distributed target 163 calibration source. And its maximum backscatter deviation is about 0.2dB. There have been
164
numerous researches using the Amazon rainforest for radar radiometric calibration [49] . 
200
The difference between alpha-testing constant and calculated constant is within 0.2dB. It shows the 201 method has a good performance.
202
Analysis of Wind sensitivity for Cross-pol NRCS
203
The cross-pol backscattering signal-to-noise ratio (SNR) of ocean surface is much weaker than 204 co-pol signal. Therefore, it is necessary to compare cross-pol NRCS with the system noise floor before 
209
Interim re-analysis wind speed. And the system noise floor is also plotted.
210
As illustrated in Figure 5 , the HV-polarized noise floor of Wave Mode is about -40 dB. It is
211
sufficiently low, and we can ignore the impact of noise floor when retrieving wind speed using HV- 
228
The wind retrieval algorithm of cross-pol NRCS in this study is similar to the formula in 
258
Here, we first fit a PR mode which is only related to the incidence angle and define it as Model Table 2 .
263 264 Comparison with other PR models introduced in section 1 is shown in Figure 9 . PR models of 
275
where α is an adjustable parameter. As illustrated in Figure 5 , the Model 1 we fitted is closest to 
287
To give a more comprehensive PR analysis for GF-3 Wave Mode data, we also study the 
292
The maximum of PR is observed in downwind direction ( ϕ = 180°), a secondary maximum is 
302
where is azimuth angle and the PR is in linear unit. In each azimuth angle, the relationship 303 between PR and incidence angle is also defined as exponential function.
The coefficients (i = 0, 1, 2) can be calculated by the method of undetermined coefficients, and 
310
We first fit the coefficients ( , , ) of three main directions (upwind, downwind, crosswind) 311 using a nonlinear least squares method. Then using them to obtain coefficients . 
Validation and Results
317
Results of Ocean Calibration
318
The alpha-testing calibration constant is derived from system bandwidth and antenna pattern 319 and has not been verified by field calibration. Therefore, we collect 7 GF-3 Wave Mode SAR images 320 of the Amazon rainforest area in beam 205 to verify the calibration constant obtained in section 3.2.
321
The distribution of Amazon rainforest γ is shown in Figure 11 . 
331
of γ from RADARSAT-1 is −6.47 ± 0.71 according to [49] . Figure 9 illustrates the γ of GF-3
332
Wave Mode data in beam 205 is around −6.4 ± 0.4 . Therefore, it can be demonstrated that the 333 calibration constant obtained using the ocean calibration is sufficiently accurate. And if we acquire 334 enough data, the calibration constant can be obtained continuously using the ocean surface wind 335 fields, which provides the possibility for normalized calibration.
336
Based on the obtained calibration constant, we use GMFs to complete wind speed retrieval on 
408
We also investigate the relationship between cross-pol images of Wave Mode and system noise 409 floor, wind vectors and satellite geometry parameters. The experiment indicates that the system noise 410 floor of cross polarization is about -40dB and we can ignore it when retrieving wind speed using 411 cross-pol NRCS. There is a clear linear relationship between cross-pol NRCS and wind speeds and 412 the cross-pol NRCS is intendent on incidence angle. As the wind speed increase, the cross-pol NRCS 
416
The PR of Wave Mode is not only dependent on incidence angle but also modulated by the 417 azimuth angle. Its first maximum corresponds to downwind direction, the second in the upwind, and 418 two minima appear in the crosswind direction. Moreover, when speed is lower than 10m/s, the PR 419 presents a linear increase trend with wind speed in the downwind while it is independent on wind 420 speed in other wind directions. Therefore, we fit two PR models which are suitable for large incidence
421
angle using training set. The first is only dependent on incidence angle (Model 1) and the other one 422 adds additional azimuth angle variable (Model 2). The results of two models on the testing set show
423
that the PR models fitted in this paper are superior to models given in previous studies [24] [25] [26] [27] [28] 43 ].
424
The Model 2 has higher polarization conversion accuracy than Model 1, with RMSE 0.477dB and 425 correlation coefficient 0.977.
426
To date, GF-3 satellite only operates for more than one year and is still in the preliminary 438
